racic and lumbar spine, especially by examining late-stage complications, including adjacent-segment degeneration (ASD), sagittal imbalance, instrumentation failure, loss of correction, and tuberculosis recurrence.
methods ethics Statement
The study protocol was approved by our institutional review board, and written informed consent was obtained from each patient before initiation of the study.
population and clinical presentation
Between 2003 and 2009, 28 consecutive patients (12 males and 16 females) in whom cured or silent spinal tuberculosis with associated kyphosis was definitively diagnosed underwent VCR and were enrolled in this retrospective study. Their average age was 20.9 years (range 5-46 years). Tubercular kyphosis was in the thoracic spine in 13 patients, the lumbar spine in 3 patients, and the thoracolumbar spine in 12 patients ( Table 1 ). The inclusion criteria included cured or silent spinal tuberculosis diagnosed in patients suffering from chronic back pain caused by kyphosis, no tuberculosis-related toxicity symptoms (fever or night sweats), a negative test result for C-reactive protein, a normal erythrocyte sedimentation rate, no evidence of paravertebral abscess or sequester from the preoperative MRI scan, and involvement of the tuberculosis limited to the thoracic and/or lumbar spine. Exclusion criteria included MRI evidence of a paravertebral abscess, the existence of pulmonary tuberculosis, serious medical conditions for which major surgery is contraindicated, previous spinal surgery, and the use of a combined anterior-posterior surgery instead of VCR.
Surgical procedure
The VCR procedure has been described in several previous reports, including our own. 5, 28 The goals of this surgery were complete resection of the lesion, neural decompression, restoration of spinal stability, and deformity correction. The target vertebra was typically resected and pedicle screws (sublaminar wires were used in 3 early cases) were typically placed. 5 After completion of the corpectomy and osteotomy, deformity correction was accomplished by installing permanent rods with cantilever bending and compression maneuvers. The operating table was extended gradually to assist the deformity correction. To avoid inadvertent distraction of neural elements, the vertebral column was shortened using light compression over the osteotomy gap to achieve kyphosis correction. The deformity was then corrected gradually by repeated additional compression and shortening of the vertebral column. To reconstruct the anterior column, autogenous iliac crest bone graft or titanium mesh was used. Finally, posterior fusion was performed at all the instrumented levels. Iliac crest bone graft and local bone graft mixed with bone graft extenders, such as demineralized bone matrix, were used bilaterally along the contoured rods.
radiographic evaluation
All radiographs were standardized before measurement. The radiographic measurements included kyphotic angle, sagittal balance, cervical lordosis, thoracic kyphosis, and lumbar lordosis. Fusion was assessed by clinical evaluation, the absence of motion on radiographic flexion/ extension views, and review of CT images. The kyphosis angle was measured between the superior endplate of the first healthy vertebra above the deformity and the inferior endplate of the first healthy vertebra below the deformity. 29 Sagittal balance was measured by the horizontal distance from the C-7 plumb line to the posterior-superior corner of S-1 on full-length standing lateral spine radiographs. 9 A negative sagittal balance was noted when the C-7 plumb line fell posterior to the posterior-superior corner of S-1, and a positive sagittal balance was defined as the C-7 plumb line falling anterior to the sacral promontory. Lumbar lordosis was measured by the angle between the superior endplate of L-1 and the superior endplate of S-1. Thoracic kyphosis was determined by the angle between the superior endplate of T-1 and the inferior endplate of T-12. The cervical lordosis measurement was the angle between the superior endplate of C-3 and the inferior endplate of C-7. Two independent, experienced spine surgery special- T10-12  T-4, T-7, T-9, L1-3  92  2  16, M  T9-11  T-7, T-8, T-12, L-1  68  3  23, F  T5-8  T2-4, T9-11  94  4  29, F  L2-S1  T-12, L-1, ilium  63  5  29, F  L1-4  T9-12, L4-5  68  6  27, M  L-1, L-2  T11-12, L3-4  65  7  29, F  T3-5  T-1, T-2, T-6, T-7  89  8  11, F  T-11, T-12  T9-11, L-1, L-2  73  9 27, F T-11, T-12 ists measured the radiographic data, and the mean value for each patient was calculated for use in our analyses.
clinical evaluation
Patients were given follow-up care that consisted of assessments of pain, neurological status, daily functional activity, and satisfaction with their treatment using scores from the visual analog scale (VAS), America Spinal Injury Association (ASIA), Scoliosis Research Society outcome instrument (SRS-22), 3 Oswestry Disability Index (ODI), 7 and patient satisfaction index (PSI). 4 An independent, experienced spine surgery specialist performed the clinical evaluations. Long-term complications, including ASD, tuberculosis recurrence, instrumentation failure, and revision surgery, were also recorded.
results
This study enrolled 28 consecutive patients, including 12 males and 16 females, with an average age of 20.9 years (range 5-46 years) at the time of surgery. The mean follow-up was 96.9 months (range 63-134 months) ( Table  1) . Almost all the follow-up care was given at a prescribed time. No deaths occurred during treatment or follow-up.
early complications
Intraoperative and postoperative complications, including dural tear, excessive hemorrhage, superficial wound infection, spinal cord or nerve root injury, and postoperative respiratory failure, occurred in 3 of the 28 patients in this study.
Neurological recovery
There were 14 patients with preoperative neurological deficits: 5 ASIA Grade C and 9 ASIA Grade D. Thirteen of these patients had improved neurologically by at least 1 ASIA grade at the final follow-up. The 1 patient who did not show improvement had ASIA Grade D deficits.
deformity correction
The kyphosis angle improved from the preoperative average of 70.7° (range 20°-118°) to an average of 30.2° (range 7°-75°) at the final follow-up. The average sagittal balance was 15.4 mm (range -5 to 96 mm) before surgery, 2.8 mm (range -11 to 10 mm) after surgery, and 5.4 mm (range -4 to 54 mm) at the final follow-up. Cervical lordosis improved from the preoperative average of 6.3° (range -8° to 29°) to an average of 5.9° (range -10° to 24°) at the final follow-up. Thoracic kyphosis improved from the preoperative average of 50.0° (range -29° to 85°) to an average of 33.4° (range -12° to 60°) at the final follow-up. Lumbar lordosis improved from the preoperative average of 49.0° (range -53° to 85°) to an average of 37.8° (range -10° to 60°) at the final follow-up (Table 2) .
late complications
At the final follow-up, no junctional deformity, myelopathy, graft dislocation, or collapsed graft was found. The following complications were observed. 1) Solid fusion was confirmed in 21 patients by CT scanning during follow-up, but fusion was not achieved in 1 patient at early follow-up (5 months after surgery), and the patient showed neurological symptoms of numbness and weakness in the lower extremity that were exacerbated after activity and relieved after rest. Revision surgery of the posterior intervertebral fusion with autogenous iliac crest bone graft was performed to improve the neurological symptoms and prevent instrumentation failure.
2) The average kyphosis correction loss was 8.5° (8.5° ± 7.9°). The average kyphosis correction loss rate was 21.0% at the final follow-up ( Table  2 ). The average sagittal balance loss rate was 20.6% at the final follow-up (Table 2 ). 3) Tuberculosis recurrence was seen in 1 patient (Patient 4), who was cured by pharmacological treatment without additional surgery (Table 1 ). 4) Instrumentation was removed from 7 patients at an average of 23.7 months (range 18-27 months) after surgery. Two of these patients had evidence of screw loosening, whereas the instrumentation of the other 5 patients was removed according to general guidelines for instrumentation removal and requirements of the patients. Screw breakage was found in 1 patient, but instrumentation was retained because of the absence of aggravation of lumbosacral kyphosis and the patient's extreme fear of revision surgery. No pain, neurological dysfunction, or other severe instrumentation-related clinical symptoms occurred in the patients without instrumentation removal, even after 10 years of follow-up ( Figs. 1 and 2 ). 5) ASD that manifested as narrowing of disc space and change in MRI signals was observed in only 3 cases; none of these patients showed clinical symptoms of ASD, obviating the need for pharmacotherapy or surgical intervention (Tables 1 and 2 ). 6) Lumbar kyphosis in patients with cured spinal tuberculosis showed a tendency for sagittal decompensation and a positive sagittal balance within the first 3 postoperative years without any related clinical symptoms. A 29-yearold woman (Patient 4) suffered from lumbosacral tuberculosis for 25 years, with the kyphosis becoming aggressive in the last 5 years before surgery. She also suffered from intractable low-back pain (Fig. 3, Table 2 ). After surgery, the kyphotic deformity was significantly corrected, and neural structure decompression was complete (Fig. 3) . However, sagittal decompensation occurred and worsened during early follow-up; the patient developed compensatory lordosis in the thoracic spine and kyphosis in the cervical spine. The sagittal decompensation was lessened in the 3rd year and improved by the 5th year after surgery (Fig. 3) , without any corresponding clinical symptoms. At the final follow-up, this patient described her level of satisfaction with the surgical outcome as "partial."
health-related Quality of life
The VAS scores significantly improved from a preoperative average of 6.6 (range 4-10) to an average of 1.3 (range 0-5) at the final follow-up (Table 3 ). The ODI significantly improved from an average of 55.1% (range 41%-84%) preoperatively to an average of 15.0% (range 2%-52%) at the final follow-up (Table 3 ). The average SRS-22 score was 2.61 (range 1.60-3.30) before surgery and 3.68 (range 2.77-4.22) at the final follow-up (Table 3) . Patient satisfaction with surgery was generally favorable. Sixteen patients were "completely satisfied" with their long-term outcomes of vcr for tubercular kyphosis surgery, whereas 10 patients were "partially satisfied"; the overall satisfaction rate according to the North American Spine Society lumbar spine outcome assessment instrument was 92.9% (Table 3) .
discussion
Fixed, sharply angulated kyphosis is commonly seen in cases of neglected or delayed treatment of spinal tuberculosis. Severe kyphotic deformities may pose a risk to adjacent spinal cord and nerves and impair respiratory function. Surgery may be necessary in severe cases. With the development of instrumentation and surgical technique, VCR has been widely used in the surgical treatment of congenital and idiopathic scoliosis, adult spinal deformity, and spinal tumors.
2,28,31 Also, it is similar to extracavitary corpectomy and posterior lateral rachiotomy, descriptions of which have been published in the literature, except for the different ranges of resection. For spinal tubercular kyphosis, studies have also reported favorable early outcomes of VCR. 5, 11, 13, 23, 27, 30 However, there have been few studies of long-term outcomes, which are of great importance for both surgeons and patients. 7, 24 For this study, clinical scales, including a VAS, the ODI, and the SRS-22, were used to evaluate long-term outcomes. The results from all the scales revealed significant improvement over preoperative results ( Table 3 ). The restoration of mechanical stability of tubercular vertebra(e), the correction of spinal misalignment, and the improvement of sagittal imbalance (Figs. 1-3 ) resulted in a significant improvement in VAS scores, from an average of 6.6 before surgery to an average of 1.3 at the final follow-up. In this study, the average ODIs were 55.1% before surgery and 15.0% at the final follow-up. In addition, the SRS-22 score significantly improved from an average of 2.61 to 3.68 at the final follow-up. These functional improvements may be attributed to pain relief together with improvement in neurological function, sagittal imbalance, and self-image. 4 As a result of perfect decompression and the overtension relief of the spinal cord, 13 of 14 patients with preoperative neurological deficits had improved by more than 1 ASIA grade by the final follow-up.
Intraoperative and postoperative complications in this study, including dural tear, excessive hemorrhage, superficial wound infection, spinal cord or nerve root injury, and postoperative respiratory failure, were similar to those in other correlative reports. 5, 17, 19, 23 However, these complications were not the focus of this study. Long-term complications, including ASD, imbalance, recurrence of tuberculosis, and loosening or breakage of instrumentation, play key roles in treatment decisions for spinal tubercular kyphosis. ASD after spinal instrumented fusion has been a focus of spinal surgery over the past decade. 6, 8, 20 The reported prevalence of ASD has ranged from 5% to 43%. 26 Reported rates of symptomatic ASD have ranged from 5.2% to 18.5%. 1, 14, 22, 25 After spinal fusion, ASD consequences, such as exacerbation of disc degeneration, herniation of the nucleus pulposus, acquired spondylolysis, segmental instability, spinal stenosis, osteophyte formation, and arthritis of the posterior facet joints, can be observed. The causes of ASD include stress concentration after spine fusion, sagittal and/or frontal imbalance, poor quality of intervertebral fusion, correction loss after instrumented fusion, and normal aging and degenerative processes. ASD can result in occurrence or aggravation of low-back pain or lower-extremity pain, but radiographic evidence of ASD does not necessarily correlate with a poor clinical outcome. Symptomatic ASD, which fails to respond to conservative treatment, is considered an indication for surgical intervention. In this study, the follow-up time was no less than 63 months (average 96.9 months). Mild ASD changes, manifesting as narrowing of disc space and change of MRI signals without clinical symptoms, was observed in only 3 cases. In our opinion, these overall favorable results are a result of a number of factors, including the following. 1) The 360° surrounding fusion provided a large surface area of contact for the graft bone, which enabled significant improvement in spinal stability and bone fusion, a kind of bone-to-bone fusion.
2) The global balance of the spine was well reconstructed by VCR. Because this osteotomy was actually a total vertebrectomy, a 2-plane correction was readily achieved. When graft struts for the sides were designed with different heights for placement in the anterior column space, correction of coronal imbalance was also achievable. Thus, it is possible to correct spinal deformity in 3 dimensions by using this technique. 3) According to previous studies, a 2-segment VCR can provide a more than 100° correction of kyphosis. The powerful correction effect of VCR restored spinal alignment to a great extent. 4) The activities of the patients were relatively reduced because of the instrumented fusion of the spine. 5) The majority of patients in this study were relatively young (the average age was 20.9 years), so natural aging and degeneration of the disc were relatively mild.
After successful surgical correction of focal kyphosis, compensatory lumbar hyperlordosis and thoracic hypokyphosis can be reduced. This reduction in exaggerated regional decompensation can facilitate the recovery of normal spinal global balance. Sagittal balance is the most Fig. 3 . a-e: A 29-year-old woman who suffered from lumbar-sacral tuberculosis for 25 years acquired a severe kyphotic deformity combined with scoliosis. F-J: Positive sagittal balance, compensatory lordosis in the thoracic spine, and kyphosis in the cervical spine increased during early follow-up, was relieved by the 3rd year, and improved by the 5th year after surgery. Tuberculosis recurrence was seen in this patient 5 months after surgery and was cured by pharmacological treatment without additional surgery. Figure is available in color online only.
important parameter ultimately, and therefore, the sagittal vertical axis (SVA) was measured at final follow-up. Based on this long-term follow-up of the patients, the sagittal balance by the SVA was slightly lost after surgery but maintained at approximately 5 mm at follow-up, which is compatible with good clinical outcome measures. However, lumbar tubercular kyphosis showed a tendency for sagittal decompensation within the first 3 postoperative years but without any related clinical symptoms. 15 The positive sagittal balance occurred and worsened during the early follow-up time, and compensatory lordosis in the thoracic spine and kyphosis in the cervical spine developed. However, sagittal decompensation was reduced by the 3rd year and improved by the 5th year after surgery (Fig. 3) . In these cases, progressive lumbar-sacral kyphosis, which mainly contributed to sagittal decompensation, was found postoperatively, the reasons for which may include the very distal location of the disease, weak distal stabilization, and the relatively inferior quality of fusion during early follow-up.
The lumbar spine, which possesses a large range of motion, was fixed and fused, which limited the compensation of the thoracic spine. The cervical spine plays an important role in the compensation mechanism, resulting in the forward translation of the C-7 plumb line and kyphosis of the cervical spine. Another considerable reason may be inadequate restoration of the lumbar lordosis. These factors all contribute to the occurrence of sagittal decompensation. However, lumbar-sacral kyphosis, which promotes the improvement of sagittal decompensation, tended to be stable around the third year after surgery.
Tuberculosis recurred in 1 patient (Patient 4; Table 1 , Fig. 3) . The patient was a 29-year-old woman who had suffered from lumbosacral tuberculosis for 25 years, with the kyphosis becoming aggressive in the last 5 years before surgery. The patient underwent VCR from L-2 to S-1; instrumentation and fusion of T-12, L-1, and the ilium; and reconstruction of the sacroilium. Five months after surgery, she again felt pain in her lower back and right leg. Local tuberculosis recurrence was confirmed by MRI and relevant laboratory tests. The tuberculosis may have recurred because, although the focus in the lumbar spine was temporarily silent, Much's bacillus may have been incubating in the bony structure. This tuberculosis recurred after the stress of anesthesia and surgery. The patient was cured with multidrug antituberculosis therapy, and there was no indication for an additional surgical procedure. Revision surgery was required in a single case 5 months after surgery. The indications for revision surgery included confirmed fusion failure according to a CT scan and the occurrence of related neurological symptoms (numbness and weakness in the lower extremity) with impaired activity. Ultimately, a favorable clinical outcome was achieved by the revision surgery.
According to the general guidelines for instrumentation removal, instrumentation can be removed 1-2 years after surgery if solid fusion has been achieved. 18 In this study, instrumentation was removed from only 7 patients at an average of 23.7 months after surgery. Solid fusion was confirmed by CT scanning during follow-up in the other 21 patients. It should be noted that screw breakage was found in 1 patient, but instrumentation was retained because of the absence of aggravation of lumbosacral kyphosis and the patient's extreme fear of surgery. The patient experienced no pain, neurological dysfunction, or other severe instrumentation-related clinical symptoms associated with not removing the instrumentation, even after 10 years of follow-up. An 11-year-old girl (Fig. 1, Patient 17 ) who underwent VCR and instrumentation with screws and sublaminar wires was followed up for more than 11 years, and there was no loosening or breakage of the screws or sublaminar wires found in the retained instrumentation. Suggested reasons for the successful nonremoval of instrumentation include 1) the location of the tuberculous segments in 13 cases being located in the thoracic spine, where the thoracic cage contributes to increased stability, 2) the high quality of 360° surrounding fusion (including interbody bone-to-bone fusion, intertransverse process, and interlaminar fusion), which also increased spinal stability, and 3) the global balance of the spine being well reconstructed by total vertebrectomy and the 3D correction procedure. 16 In addition, a contributing factor may again be that the activities of the patients were relatively restricted because of the instrumented fusion of the spine. From the results of this study, we propose that instrumentation not be removed by additional surgery unless there is radiographic evidence of loosening or breakage of the instrumentation or corresponding clinical symptoms.
conclusions
The long-term safety and efficacy of the VCR technique are similar to those reported for early outcomes for the treatment of spinal tubercular kyphosis, and there were no observed severe late-stage complications. However, lumbar tubercular kyphosis showed a tendency for sagittal decompensation without clinical symptoms during early followup, especially in the first 3 years. Most of these patients with early lumbar sagittal decompensation experienced symptom relief and stabilization by approximately the 5th year of follow-up. There was a relatively low incidence of ASD after instrumented fusion and no clinical symptoms, and there was no indication for surgical intervention. In this long-term study, no severe instrumentation-related complications or problems were observed in patients from whom the screws and rods were not removed. We infer that instrumentation can be retained as long as there is no radiographic evidence of loosening, breakage, or corresponding clinical symptoms. This study was somewhat limited by its small number of patients; therefore, a prospective comparative study with a larger group of patients is needed to better define the efficacy, complications, and cost/benefit ratio of VCR.
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